Abstract. We present measurements of secondary organic aerosol (SOA) formation from 36 isoprene photochemical oxidation formed in an environmental simulation chamber using dry 37 neutral seed particles, thereby suppressing the role of acid catalyzed multiphase chemistry, at a input NO increased, organic nitrates increased in both the gas-and particle-phases, but the 45 dominant non-nitrate particle-phase components monotonically decreased. We use comparisons 46 of measured and predicted gas-particle partitioning of individual components to assess the 47 validity of literature-based group-contribution methods for estimating saturation vapor 48 concentrations. While there is evidence for equilibrium partitioning being achieved on the 49 chamber residence time scale (5.2 hours) for some individual components, significant errors in 50 group-contribution methods are revealed. In addition, >30% of the SOA mass, detected as low-51 molecular weight compounds, cannot be reconciled with equilibrium partitioning. These 52 compounds desorb from the FIGAERO at unexpectedly high temperatures given their molecular 53 composition, indicative of thermal decomposition of effectively lower volatility components, 54 likely larger molecular weight oligomers. We use these insights from the laboratory and 55 observations of the same SOA components made during the Southern Oxidant and Aerosol
1 Introduction observed gas-particle partitioning of several oxidation products to an assumption of equilibrium 128 partitioning theory. In this analysis, we use the measured thermograms of particle-phase 129 components to assess commonly used group-contribution methods for estimating saturation polytetrafluoroethylene (PTFE) environmental chamber. The chamber has been described in 145 detail elsewhere [Liu et al., 2012] , and a portion of the data discussed herein were obtained from 146 the same experiments described in Liu et al. [2016] . Additional experiments with identical 147 chamber operation were conducted to examine a wider range of oxidant conditions. The chamber [ Shilling et al., 2008] . The extent of reaction is controlled by oxidant concentrations and the 151 residence time of air within the chamber, typically 5.2 hours. We also discuss a time-dependent
152
"batch mode" experiment also performed during 2015 for comparison purposes where the 153 chamber is filled with a fixed amount of isoprene and oxidant precursors in the dark and then the 154 chemistry is followed for ~6 hours after turning on the UV-VIS lights.
155
Isoprene was delivered into the chamber via a calibrated cylinder (Matheson, 20 ppm in 156 nitrogen) and mass flow controller. OH radicals were generated by the photolysis of H 2 O 2 . An 157 aqueous solution of H 2 O 2 was introduced into the chamber via an automated syringe operated at 158 various flow rates to achieve a range of H 2 O 2 , and therefore OH and HO 2 , concentrations.
159
Monodisperse, 50 nm diameter solid ammonium sulfate seed particles were continually added to 160 facilitate the partitioning of oxidized VOC onto particle surfaces as opposed to chamber walls 161 for the formation of SOA. When desired, NO was added via a calibrated 
Instrumentation

167
A suite of online instruments were utilized to monitor gas-and particle-phase composition.
168
Ozone and NO/NO 2 /NO x concentrations were measured using commercial instruments (Thermo submicron organic and inorganic aerosol composition. The evolution of isoprene was monitored
173
with an Ionicon proton-transfer-reaction mass spectrometer (PTR-MS).
174
A 
206
(ISOPOOH + IEPOX) concentrations measured at the chamber output. The phrases "input NO",
207
"input H 2 O 2 ", and "input isoprene", refer to the concentration of precursor that would be in the 208 chamber if there were no loss mechanisms except for dilution. For example, in Figure 1 the same molecular composition may be present in both the gas-and particle-phase, we do not
252
suggest that they all exist as the same structure in each phase, although some likely do. We will 253 discuss this further in later sections.
254
From Figure 2 , the two largest signals detected by the FIGAERO-CIMS in the gas-phase detected in the particle-phase, their T max and thermogram shape are also listed in Table 1 and   272 lends information on the nature of these compounds which will be discussed in further detail 273 later on.
274
The general effect of NO x on the SOA in this system has been described previously [Liu, focusing on three of the most prominent particle-phase species (Fig. 3, SOA mass yield at the highest input NO concentration (50 ppb), and (2) while there is no one
300
OrgN that is most prominent in the gas or particle phase, the total OrgN can compose up to 40% 301 of the SOA mass at high input NO concentrations (50 ppb). from left to right, corrected for particle wall loss), and the time is the mid-point of the particle and thus we did not observe a significant decrease in mass.
320
The absolute and relative concentration of C 5 H 12 O 6 in the particle-phase decreases from 321 50% of the particle-phase SOA to 25% over the four hours of oxidation. , and was also shown to be a large fraction of the particle-phase 331 from isoprene oxidation [Liu, 2016] , but its production mechanism is uncertain. Krechmer et al.
332
[2015] suggest it could be formed from the oxidation of an impurity in the ISOPOOH, although both the gas-and particle-phase allows for a direct measurement of the particle-phase fraction 374 (F p ), which is the particle-phase concentration relative to the gas-and particle-phase 
392
Measured F p were determined using the FIGAERO-CIMS for a subset of major particle- were actually part of another larger molecular weight accretion product, the C* and gas-phase 433 concentrations of which are unknown.
434
The second challenge to testing gas-particle partitioning is illustrated in the F p for two µg/m 3 , respectively. These values were then used to re-calculate the predicted F p using equation 
457
In the case of C 5 H 12 O 6 the FIGAERO determined C* is much closer to the SIMPOL 458 estimation, and significantly higher than that estimated by the other group-contribution methods.
459
We suspect the large differences between measured and group-contribution method estimates of of detected iSOA mass at high NO x is resistant to evaporation compared to the low NO x case.
519
We also note that the T max of individual compounds shifts to higher values with the addition of 520 NO x except for the highest mass compounds (see Table 1 ). Although the thermograms for many 521 of these compounds do not have a distinct Gaussian shape, making determination of the T max 522 uncertain or undefined, the shift to higher T max for the same compounds could indicate not just 523 lower volatility products in the form of oligomers, but also potentially a change in the overall 524 particle viscosity causing the iSOA to be more resistant to evaporation with the addition of NO x .
525
A sum thermogram of α-pinene ozonolysis that has been previously reported [Lopez- 
536
It is important to note that the contribution of the effectively lower volatility components 537 inferred from thermograms in Figure 6 is likely underestimated in both the low-and high-NO we also detected in the ambient SOA the dominant components of the chamber generated SOA (Fig. 7, top) provides some 566 support that the same compounds are present in both systems.
567
The mean diurnal cycle of the sum of the C 5 tracers detected in the PNNL chamber 568 exhibit a daytime maximum (Fig. 7) 
Figure and Table Captions
1005 Table 1 . Gas-and particle-phase compounds detailed in the mass spectra in Figure 2 ( Table 1 . Gas-and particle-phase compounds detailed in the mass spectra in Figure 2 (top). Many 1097 molecular compositions are observed in both the gas-and particle-phase. If the composition is 1098 observed in the particle phase, a T max is listed at both low (0 ppb input NO) and high (20 ppb 1099 input NO) NO x . The desorption shape is also listed and is consistent across NO x conditions. The 
